Abstract:
hypertension if the mean systolic blood pressure for any 12-hour period from 0 to 36 hours postoperatively exceeded the mean of all preoperative pressures by at least 15 mm Hg. For purposes of this analysis, patients who were hypertensive before operation but whose postoperative blood pressure did not exceed the mean preoperative value by more than 15 mm Hg were not considered to have postoperative hypertension. In one case a significant number of preoperative values was not available and comparison was made with blood pressures recorded beginning one week after operation.
Statistical comparisons were computed using the Chi square or Student's "t" tests. Values are expressed as means or means ± standard errors of the means.
Results
Of the 27 patients studied in detail, 15 or 56% became hypertensive following CEA (if one includes the additional patient on whom detailed analysis was not made, the 308 incidence is 54%). Males and females appeared to be at equal risk, and there was no correlation with age (table 1). The mean age of all patients was 64 years, 63 for the hypertensives and 65.3 for the nonhypertensives.
Postoperative hypertension was equally frequent following operation for transient ischemic attack, stroke in progress (acute stroke), or completed stroke (table 1) . When, however, there was a history of a cerebral vascular attack preceding the one which led to surgical intervention, a significant negative correlation was noted in patients without neurological residua. That is, among patients with a history of either a completed stroke or a transient ischemic attack prior to the cerebral vascular accident (CVA) which prompted admission to the hospital, only 40% became hypertensive, whereas postoperative hypertension developed in 75% of those individuals without a previous CVA (0.08 > p > 0.05). Patients with a history of a transient ischemic attack prior to the episode that led to admission had postoperative hypertension 33% of the time, in contrast to 73% of the cases without a prior attack (0.05 > p > 0.03) (table 1) .
No correlation was found between preoperative blood pressure and the development of hypertension postoperatively. Patients with a previous diagnosis of hypertension did not have an increased risk of developing postoperative hypertension (table 1). In patients in whom postoperative hypertension developed, the mean preoperative blood pressure was 151 ±3.2/89 ± 1.3 mm Hg and the mean peak pressure after operation was 189 ± 5.7/ 103 ± 3.7 mm Hg, with a range of mean systolic elevation from 15 to 80 mm Hg (table 2) . In patients whose blood pressure did not rise more than 15 mm Hg after operation, the mean preoperative pressure was 159 ±4.1/84 ±2.5 mm Hg. Patients with evidence of peripheral arterial occlusive disease became hypertensive slightly less often than those without such a history, but the difference was not significant (table 1) .
The most important factor in prediction of the risk of postoperative hypertension was the preoperative neurological examination. Among patients who had an alteration in the Stroke, Vol. 1, Stptembtr-Octobtr 1970 level of consciousness or other neurological deficit at the time of operation, postoperative elevation of blood pressure developed in 68% versus 28% in the neurologically intact patients (table 1). All of the six patients who experienced seizure activity during the week before operation became hypertensive.
The presence of a carotid bruit on one or both sides did not influence the outcome. Data from preoperative ophthalmodynamometry also did not correlate with subsequent postoperative hypertension.
Preoperative arteriography by percutaneous carotid puncture or catheter aortic arch study or both was performed on all patients. The mean time from arteriography until surgery was not significantly different in the two groups. The mean interval was 30 hours in the hypertensives and 35 hours in the nonhypertensives. In patients in whom the delay between arteriography and surgery was less than 24 hours, there was no increased incidence of elevation of postoperative blood pressure.
With the exception of the serum sodium, values for commonly performed laboratory tests, including the hemogram, blood sugar, blood urea nitrogen and serum electrolytes, were similar in both groups. Preoperatively, the [Na + ] s was 141.7 ±1.0 in those becoming The degree of narrowing of the internal carotid artery described at operation did not significantly influence the postoperative blood pressure (table 3) . No greater incidence of elevated blood pressure was seen in patients with occluded or nearly occluded arteries than in those in whom the vessel was moderately stenotic. When a stenotic or occlusive lesion of the external carotid artery was present fewer patients became hypertensive, but the difference Was not significant (table 3) .
Details of operative and anesthetic techniques were not correlated with postoperative hypertension. There was no relation to the use of an intraluminal shunt, infiltration with local anesthetic or resection of the carotid body, carotid sinus, or sinus nerves, or the use of hypertensive (usually by means of phenylephrine) or hypercarbic anesthesia (table 3) . There was no difference in the incidence of 310 hypertension after general or local anesthesia and no difference following the use of various inhalants or muscle relaxants (table 3) .
The occurrence of postoperative hypertension was strongly correlated with the development of neurological sequelae. Within the first 60 postoperative hours 47% of the patients with hypertension showed some deterioration of neurological function, including worsening of existing deficits, onset of new deficits, or alterations in the state of consciousness. Although the neurological deficit eventually abated in many cases, the deficits that developed or increased after operation persisted a week or more in 71 % of the patients. No data are available concerning recovery of function after discharge. One of the two deaths in the series occurred in such a hypertensive patient in whom severe neurological complications developed. Deterioration of neurological status was not observed in any of the nonhypertensive patients (0.008 > p > 0.005).
No other factor analyzed in the history, physical examination, or operative or anesthetic reports in reference to postoperative hypertension showed any correlation with neurological deterioration after CEA. The mean interval from arteriography until operation was briefer in the patients with neurological sequelae" (25 hours) than in all other patients (35 hours), but this difference was not significant. The presence of neurological deficit at the time of Ten of the patients (37%) in the series received some form of treatment for hypertension either during or after operation. Therapy was varied and included the use of sedatives, hypotensive agents and steroids. In two cases treatment was given to patients who were subsequently classified as nonhypertensive. Among the eight other cases treated, five postoperative patients had some evidence of new neurological deficits at the time of treatment. In only one patient of this group did neurological improvement follow the treatment of hypertension.
Discussion
It is clear that postoperative hypertension is a frequent complication of carotid endarterectomy and that serious neurological complications are often associated. More than half of the patients studied had hypertension and nearly half of these deteriorated neurologically. The only factor that could be positively correlated with an increased risk of hypertension was the presence of a neurological deficit at the time of operation, whether it was residual from a previous completed stroke or whether it arose during an acute stroke in progress. A previous completed stroke or transient ischemic attack occurring in the remote past and leaving no residual deficit did not increase the incidence of these complications and in fact was negatively correlated with the incidence of hypertension after surgery. These results are reminiscent of those of DeBakey and associates, 2 who reported a significant negative correlation of preoperative neurological deficit with survival, and support the widespread reluctance to undertake carotid artery reconstruction during a stroke in evolution.
It is not surprising that the sequence of severe cerebral anoxia followed by arteriography, dissection of the carotid sinus area and temporary interruption of internal carotid flow should have profound effects on the neurohumoral regulation of blood pressure, although the specific determinants of the hypertensive response are undefined.
Carotid endarterectomy necessitates a period of carotid occlusion, even in patients in whom a shunt is employed. An immediate Stroke, Vol. 1, Sopttmbtr-Ociober 7970 increase in systemic blood pressure was described by Hering 3 after common carotid occlusion, but was transient and disappeared after restoration of flow. The response was most marked in bilateral preparations and was dependent upon an intact carotid sinus reflex. In all our patients, the afferent limb of the reflex arc was presumably disrupted by denervation of the carotid sinus or by infiltration with local anesthetics.
Other carotid reflexes exist which, when stimulated, may have a less transient effect on blood pressure. Bunag et al. 4 observed a rise in renin levels soon after bilateral carotid occlusion in the dog, and Hodge and associates 5 demonstrated delayed hypertension and a coexistent rise in angiotensin levels in a similar preparation. Bartter et al.° had previously shown that aldosterone secretion was increased in the dog after carotid occlusion if the nerve supply to the thyrocarotid junction was preserved. The magnitude of such neurohumoral responses in the human is unknown, especially after dissection of the carotid bifurcation and unilateral carotid occlusion. A decreased serum sodium level was frequently noted in postoperative patients with hypertension in our series, a finding that does not suggest an aldosterone effect.
There is clinical 7 -8 and experimental 0 evidence that bilateral denervation or destruction of the carotid sinus nerves produces labile systemic hypertension. Wade and co-workers 1 have suggested that iatrogenic denervation may be responsible for hypertension after carotid endarterectomy. They compared preoperative and postoperative responses to the Valsalva maneuver in an attempt to confirm this hypothesis but could not obtain unequivocal results because of an already diminished preoperative response. Appenzeller and Descarries 10 have shown that advancing age and an acute or chronic stroke may be associated with diminished carotid sinus sensitivity. It does not seem likely that unilateral denervation of the carotid sinus in an elderly individual suffering from a stroke could account for the observed hypertension.
A more likely explanation may lie in the pathological changes in the brain after ischemic injury and subsequent revascularization, at least in patients with an acute episode. Cerebral anoxia is evidenced by loss of
